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Short Answer Questions 
Total No of Marks for this section:  100 Marks 
This section should be answered in the Answer Booklet provided.  
Marks for each question are indicated. Suggested Time allocation for Section: 180 mins 
 
Question 1                 (10 marks) 
a) How can it be shown that a decision problem is in the complexity class P?  Give an example 
of a problem in P and demonstrate its membership in that class. 
(3 marks) 
b) How can it be shown that a decision problem is in the complexity class NP?  Give two 
examples of decisions problem in this class along with brief explanations to demonstrate 
membership in NP.  
(3 marks) 
c) Explain the significance of finding a polynomial time algorithm for a problem in the class 
NPC.  What is Cook’s Theorem about? 
(4 marks) 
Question 2              (10 marks) 
a) Calculate the number of times the following loop executes. 
for 1:i  to n 
    for 1:  ij  to n 
   //do something without branching 
  next j 
next i 
(3 marks) 
b) Assuming that n is the input size and that “do something without branching” in the 
innermost loop of part a) involves 100 calculations, state the order of complexity of the 
entire calculation using big O notation.   
(3 marks) 
c) Another algorithm executes 4n - 5 calculations for an input of size n. Is this algorithm O(n2)?  
State the complexity of the algorithm using big theta notation.  
(4 marks)  
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Question 3              (10 marks) 
a) State the adjacency matrix and draw an adjacency list for the following graph.  






    
 
 
b) What is the maximum number of edges in a simple graph with n vertices? Explain the 
calculation. 
(3 marks) 
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Question 4                (10 marks) 
a) Write pseudocode for an algorithm which uses a stack to match parenthesis.   That is, the 
procedure accepts a string of characters consisting of left and right brackets and 
determines whether or not the brackets are properly matched. For example, the string 
 “{ [ ( ) { [ ] }] ( ) }” has properly matched parenthesis. 
 (5 marks) 
b) Carry out a Breadth First Search of the graph below, starting at a. Draw a table to show the 
state of the queue as each vertex is visited. Draw the spanning tree and identify the cross-
edges and back-edges (where they exist).  
(5 marks) 
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Question 5                (10 marks) 
a) Write code or pseudocode to compute the binomial coefficients according to the following 
definition: 
 
   ( 
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(   
   
)  (   
 
)                                
 
(3 marks) 
b) Show a tree of calls for the algorithm in a) for n = 4, k = 2.  Comment on the efficiency of 
the algorithm.  
(4 marks) 
c) Write an iterative algorithm for calculating n! 
(3 marks) 
Question 6                (10 marks) 
a) Draw a Binary Search Tree that shows the result of the tree after inserting the following 
keys, in the order listed, into an initially empty tree.     
24, 34, 29, 14, 19, 31, 27, 30, 32, 38 
 (3 marks) 
b) State the result of a preorder and postorder traversal of the BST. 
(4 marks) 
c) Use the method of copying to delete the key 34 from the BST, and draw the resultant tree. 
(3 marks) 
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Question 7                (10 marks) 









a) Find a minimum-weight spanning tree of G using Kruskal’s algorithm. Draw the resultant 
tree. What is the total weight of the resultant tree?        
(5 marks) 
b) Name another graph algorithm that can be used to find a minimum-weight spanning tree 
of a graph. Will this algorithm always produce the same minimum-weight spanning tree as 
Kruskal’s algorithm? Why/why not? 
        (2 marks) 
c) Kruskal’s algorithm is an example of a greedy algorithm. Name another greedy graph 
algorithms and briefly explain how it is greedy. 
(3 marks) 
Question 8              (10 marks) 
a) Explain or give pseudocode for the use of a max heap to sort the elements of a list into 
descending order.  Give the worst-case complexity for heap sort. 
(5 marks) 
b) Demonstrate the algorithm to sort the list 10,15,3,8,9.  State the method used for heap 
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Question 9             (10 marks) 
a) Write a recursive algorithm for computing the height of a binary tree. 
(3 marks) 
b) Draw the following: 
i) Two different balanced BST’s with 5 nodes; 
ii) A BST with 5 nodes where at least one node has a balance factor of 2. 
iii) A BST with 5 nodes where each node has a different non-negative balance factor.  
(4 marks) 
c) State the worst case complexity for searching a larger version (with n nodes) of the BST’s 
drawn in part b) i) and iii). 
(3 marks) 
Question 10              (10 marks) 
a) Describe two algorithms which can be classified as “divide and conquer” algorithms. State 
and explain their worst case complexities. 
(4 marks) 
b) Describe two sorting algorithms which are “in place” algorithms for sorting an unordered 
array.  i.e. The algorithms require little additional storage.  Explain the worst case 
complexities. 
(4 marks) 
c) What is a heuristic algorithm and when is such an algorithm useful? 
(2 marks) 
 
 
